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INTRODUCTION 
NDE techniques are widely used by jet engine manufacturers to 
guarantee the quality of materials and critical parts, such as fan, 
compressor and turbine disks. New "fail-safe" concept of structural 
design, which assumes presence of defects below a certain size, requires 
not only detection of flaws but also their evaluation in order to 
determine if they could lead to a catastrophic rupture of the part during 
its life. So, NDE methods need to be reliable and reproducible. 
In case of ultrasonic methods, it is weIl known that deviation of 
results occurs when the equipment is changed: each part of the system can 
be at the origin of deviation: pulser, receiver, cables, transducers and 
calibration blocks. 
In this paper, we discuss only deviation of results due to 
transducers and finally, we propose a new specification of ultrasonic 
transducers which permits an increased reproducibility and reliability of 
ultrasonic inspections. 
EXPERIMENTAL DETAILS 
Figure 1 shows a block diagram of the ultrasonic system used in this 
study. Excitation of transducers is realized with a square pulse 
generator and pulse width is adjusted to: 
.~n (where Fn is the nominal frequency of the transducers). 
Echoes from target are digitalized by a digital oscilloscope and 
transmitted to a PC computer for analysis in both domains: time and 
frequency. 
The computer also monitors the mechanical system allowing six 
degrees of freedom to transducer displacements. 
In addition to this system, we use an impedancejgain phase analyzer 
to measure the electrical characteristics of the transducers. Sixteen, 
coming from three suppliers are used in this work. 
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Figure 1 Block diagram of the ultrasonic system. 
Table 1 Correlation factors between defect responses and transducer 
characteristics time and frequency analysis were done with the 
plane target. (A ~ SWR at main frequency, B ~ SWR at central 
frequency, SC ~ amplitude of plane echo, D ~ width of plane 
echo at 50% of max, E ~ width of plane echo at 15% of max, F ~ 
main frequency, G ~ central frequency, H ~ bandwidth). 
Transducer characteristics 
Correlation factor 
Actual Standards for Eva1uatjug Characteristjcs of Ultrasoujc Trausducers 
On other ways, some standards have been published related to 
characterization of ultrasonic transducers [1,2]. These standards 
describe measurement procedures for evaluating some characteristics of 
transducers. All these standards require US beam characterization (focal 
length, focal spot diameter, propagation angle), frequency measurements 
(central frequency, main frequency, band with at-6dB), electrical 
measurements (impedance versus frequeucy, standing wave ration: S.W.R.) 
and time measurements (waveform duration). Figure 2 displays results of 
such a characterization. For example, we observe the C-Scan mapping of 
the ultrasonic beam along its longitudinal axis (Figure 2a), impedance 
curve versus frequency shown on a Smith Diagram (Figure 2b), time domain 
response from a plane reflector (Figure 2c) and the frequency domain 
response obtained by a FFT trans form of the time domain response (Figure 
2d). 
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Figure 2 Examples of measurements done according to actual 
specifications. 
In order to determine if actual standards improve reliability of 
ultrasonic inspection, we have measured 8 characteristics of transducers 
in the following domains - electrical, time and frequency domains and we 
have tried to correlate these results with amplitude of the inclusion 
echo. Table 1 presents these correlation factors . We have not found any 
relationship between ultrasonic defect response and physical 
characteristics of transducers we have measured. In particular, no 
correlation exists between amplitude of defect echo and electrical 
impedance of this type of transducers. These results show that actual 
transducers specifications and calibration with reference blocks cannot 
avoid deviations of results coming from transducers. 
Prediction of Sensitivity on Flaws· Determination of the Critical 
Transducer Characteristic 
It is obvious that ultrasonic flaw response depends on each element 
of the ultrasonic system. Each part of it can be characterized by its 
own transfer function and in the frequency domain, the ultrasonic 
response R (w) can be expressed as the result of the product of these 
transfer functions: 
nominal frequency 
diameter 
focal length 
Fn= 5 MHz 
e = 19 mm 
f = 150 mm 
Four targets were used to achieve comparisons between these transducers: 
plane surface of a steel block 
top of a cylinder of 1 mm in diameter machined in a steel block 
flat bottom hole (FBH) in a calibration block. The FBH is 0.5 mm 
in diameter and is located at 15 mm below the surface 
inclusion in powder metallurgy ASTROLOGY part at a depth of 15 mm. 
Experiments were done with the water path adjusted to place the 
focal spot on the target and with the axis of the ultrasonic beam 
perpendicular to the target or to the entry surface in the case of the 
ASTROLOGY part. 
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EXPERIMENTAL RESULTS-DISCUSSION 
Role of Calibration 
In industry, ultrasonic systems and transducers are calibrated with 
reference blocks containing artificial defects such as flat bottom holes 
(FBH) for instance. One of the objectives of this operation is to set 
the inspection ga in and therefore allow comparisons of examination 
results obtained with different systems. Furthermore, rejection of 
products tested with the ultrasonic system depends on the comparison of 
flaw signals with the artificial defect echos. Therefore, after 
calibration, ultrasonic flaw response must be identical in case of change 
of the transducer in particular. So, in order to verify if calibration 
increases reproducibility of ultrasonic examination, we have compared the 
reflection amplitude (peak to peak measurement) from the inclusion in 
ASTROLOGY part without and after calibration on the FBH. Table 2 
presents the maximum scatter of results we observed between transducers. 
We can see that calibration does not completely correct the 
variation between transducers and in some cases tends to increase scatter 
of ultrasonic flaw response. It appears clearly that calibration on 
artificial defect is not sufficient to be confident in results of 
ultrasonic examination. 
R (w) G (w).S (w).W (w).F (w).S' (w).FE (w) 
where G (w), S (w), W (w), F (w), s' (w), and FE (w) are respectively the 
transfer function of the pulser, the transducer at emission, the coupling 
liquids, the target, the transducer at reception and the receiver. 
This formula also shows that results of the transducer 
characterization depends on the ultrasonic system and above all, depends 
on the target. So, one of the most important problems of transducer 
evaluation is to determine the best target to be used. 
Theoretical calculation of transfer function of targets with simple 
geometry (ball, plane, cylinder, disk) show that, in case of plane waves 
and in the frequency domain, the infinite plane reflector is the best 
target to characterize the transducers because its transfer function is a 
constant versus frequency [3]. If this assumption is also true in the 
case of focused probes, we must find a correlation between frequency 
response on plane reflector and sensitivity on flaws. 
An experimental demonstration of this hypo thesis is provided by the 
prediction of the flaw response from the infinite plane response. At 
first, experiments consist in finding the defect transfer function by 
dividing, for one transducer, its frequency response on flaw by its 
frequency response on plane. 
Table 2 Influence of calibration on flaw amplitude. 
Target Maximum scatter (dB) 
FBH calibration block 4 
Inclusion (without cali- 6 
bration) 
Inclusion (with calibra- 7 
tion) 
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Then, the second step is to calculate, for the rema~n~ng 
transducers, the theoretical frequency response on flaw by multiplying 
their frequency response on plane by this so-determined transfer 
function. 
At last, we obtain the theoretical time signal by an inverse Fourier 
trans form of the frequency response and we compare this signal with the 
experimental defect echo. 
We obtain a good agreement between predicted and experimental 
signals: the maximum difference is equal to 0.65 dB. Figure 3 shows 
results of this numerical treatment for two transducers from different 
suppliers: difference between experimental defect echos is equal to 3.4 
dB and agreement between predicted and measured echoes is very good (0.20 
and O. 65 dB). 
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Prediction of flaw response from the infinite plane response. 
On the contrary, use of a disc reflector (0.8 mm in diameter) 
instead of infinite plane reflector does not allow to predict with 
accuracy the defect response: difference between predicted and measured 
signal reaches 3.8 dB. 
Results we have obtained are sufficient to demonstrate the validity 
of our approach for these 5 MHz transducers: same defect responses will 
be obtained if transducers have the same frequency response on an 
infinite plane target. 
So, transducer specifications must require determination of the 
frequency response on a plane reflector and the whole shape of the 
frequency spectra must be defined instead of determination of main 
frequency and bandwidth. A marge could be authorized, depending on 
applications, leading to a known maximum deviation on a reference block 
(Figure 4). 
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Figure 4 
CONCLUSIONS 
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Proposed specification: definition of the whole shape of the 
frequency response on a plane reflector. 
This paper shows that, for the transducers examined, actual 
specifications do not permit to avoid deviations of results coming from 
transducers. It was determined that sensitivity on flaws depends on the 
frequency response on an infinite plane surface and that measurement of 
main frequency and bandwidth is not sufficient to characterize 
transducers and to obtain reproducibility of ultrasonic inspection. 
So we propose that, at least for this type of transducer, the whole 
shape of the frequency response on plane must be defined by transducer 
specifications in order to perform ultrasonic inspection with best 
repeatability and reliability when transducers are changed. Further work 
is in progress to determine if same requirement must be applied to 
transducers with different frequencies and beam geometries. 
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